Abstract. There is an urgent need for molecular marker studies of adenocarcinoma (AC) and squamous cell carcinoma (SCC) of the uterine cervix. This study utilized oligomicroarray and pathway analyses to characterize a transcriptomic signature with molecular networks associated with AC and SCC. A 10K oligomicroarray was used to identify potential transcripts that were differentially expressed in cervical cancers from 28 patients and common reference RNAs from 17 different normal cervixes. Molecular networks were correlated using genomics tools to globally explore cellular pathways. Gene expression levels of 46 transcripts separated cancer samples into AC and SCC groups. Genes including: KRT17, IGFBP2, CALCA and VIPR1 were differentially expressed in AC and SCC. In addition, we identified a transcriptomic signature that predicted tumor classification and progression based upon its cellular processes. The downregulated signatures for SCC were cell death of pheochromocytoma cells (P=0.0037), apoptosis of neurons (P=0.009) and damage to DNA (P=0.0038). By contrast, the upregulated molecular signatures in AC were immunological disorder (P=0.006), splenomegaly (P=0.0053) and hepatic system disorder (P=0.006). The G2/M DNA damage checkpoint regulation pathway (P=0.05) was found to be significantly linked to IGF1R as a new regulatory component of a putative cytoplasmic signaling cascade in SCC. By contrast, the antigen presenting canonical pathway (P=0.038) appeared to be linked to PPARγ in AC. Taken together, these experiments provide important new information regarding the role of molecular networks in mediating SCC and AC, possibly through two independent pathways, and contribute to provide new targets for the prevention and treatment of cervical cancer.
Introduction
Invasive cervical cancer can be divided in two major histological types: squamous cell carcinoma (SCC) and adenocarcinoma (AC). Although the incidence of SCC of the uterine cervix has been decreasing, that of cervical adenocarcinoma (AC) has been increasing in recent years (1) . Compared with SCC, AC of the cervix is rare. Due to the relative rarity, only a few large studies have addressed risk factors in adenocarcinoma (2). Previous epidemiologic studies of the association between human papillomavirus (HPV) and cervical adeno carcinoma have shown strong associations; this information has suggested that there appears to be a difference in HPV types and prevalence (3) . In SCC, HPV 16 is the dominant type, while in adenocarcinoma, HPV 18 is seen more frequently (4) . However, the preference and capability of HPV 18 above HPV 16 to infect and transform glandular epithelial cells is unclear (3) . Some evidence indicates that cofactors that contribute to the progression of HPV-infected cervical cells to AC are distinct from those that contribute to the progression to squamous cell carcinoma (5) . Smoking, for example, is associated with an increased risk for SCC but there is no association for AC (6) . Although several factors have been established as important initial events for the tumorigenesis of cervical carcinoma, the reports regarding the molecular biology involved in the cellular process are rare. Only a few studies have been published comparing global transcript expressions for both tumor types (7) . A major limitation of these studies is the fact that no adjustment for the molecular pathogenesis has been made.
In this study, we used oligomicroarray technology and pathway analyses to describe the role of molecular networks in the development of AC and SCC. Evaluations were carried out using bioinformatic analysis of genomic data from expression patterns of genes with emphasis on network and pathway analysis. The expression profiles were histology-dependent and clearly differentiated. Therefore, the expression of the genes in this study clearly displayed evidence indicating similarities and differences between the molecular environments in AC and SCC. Our findings also have important implications for the diagnostic and possible therapeutic intervention of patients with cervical cancer as well as future research.
Target-based molecular signature characteristics of cervical adenocarcinoma and squamous cell carcinoma YONG Probe hybridization. Reverse transcription was carried out using total RNA isolated from samples using TRIzol. Experimental procedures for microarray assay were performed according to the Macrogen Magic II-10K technical manual. Total RNA was converted into double stranded cDNA using the cDNA synthesis system (Roche) using a T7-(dT) 24 primer. The fluorescent labeled-cDNA was hybridized with Magic II-10K microarray (Macrogen, Seoul, Korea) for 16 h at 42˚C. Arrays were then washed and scanned with a GenePix 4000B scanner (Axon Instruments, Union City, CA). Each chip contained a total of 10,368 elements of which 10,108 were unique genes/clusters.
Western blot analysis. The proteins were electrophoresed for 2 h with SDS-PAGE and western blotting was performed for 1 h and 30 min with a Hybond-ECL membrane (Amersham, Uppsala, Sweden) at 100 V. Protein bands were visualized using an ECL kit according to the manufacturer's protocol (Amersham, Arlington Heights, IL).
Analysis. Acquired images were processed and analyzed statistically for interpretation of the analyzed spot intensity results using Imagene v4.1 software (Roche). Non-biological factors that contributed to variability of data were minimized using global normalization/scaling with data from all probe sets; normalization for the microarrays was also carried out. For each gene, its relative fold change in expression was the ratio of the sum of the median expression levels of cervical cancer tissues compared to the common control. Genes were excluded from the analysis if their expression was negative or if they were too smeared to read. Genes that showed differences in their expression levels, of at least 2.0-fold, were selected for the different analyses (hierarchical cluster analysis, functional cluster analysis and biological pathway analysis 
Results

Hierarchical cluster analysis.
Using unsupervised hierarchical clustering, by average linkage analysis, we successfully grouped AC and SCC into 2 distinctive groups (Fig. 1A) . Gene expression levels of 46 transcripts separated hierarchical clustering samples into 2 groups on the basis of the expression patterns. These data are represented by a dendrogram with the closest branches of the tree representing arrays with similar gene expression patterns. The results showed that there was a significant difference between AC and SCC. Even though the overall signal patterns found on the AC and SCC hybridized arrays were similar, a small subset of 46 transcripts show differential expression signals in comparisons between the AC and SCC samples. These genes can be characterized as new putative histology-specific cervical cancer genes. Among genes significantly upregulated in AC, we have found VIPR1, NIFUN, SPEN, MAD and BCL3 of particular interest. The genes upregulated in SCC included KRT17, CALCA and CHMP2A. KRT17 is one of the pathological situation genes that are expressed only in pathological situations such as metaplasia and carcinoma of the uterine cervix as well as in psoriasis vulgaris. Western blots were performed to confirm gene expression patterns in this study. As shown in Fig. 1B , several up-and downregulated proteins confirmed the patterns obtained from the microarray and showed the consistency of the assays.
Functional cluster analysis.
To show how the transcripts, identified by the gene expression signature, were related in AC and SCC, we placed the transcripts in the context of present interactome knowledge, using Ingenuity Pathways Analysis tools. Using gene ontology analysis, closer examination of the genes resulted in a variety of 372 and 523 mutually-dependent molecular functions to be identified in AC and SCC, respectively; this evaluation revealed that the functional profiling was not randomly distributed, as shown in Fig. 1C (P-value for all <0.05). Significantly downregulated molecular functions for SCC were cell death in pheochromocytoma cells (P=0.0037), apoptosis in neurons (P=0.009) and damage to DNA (P=0.0038). The upregulated molecular function was internalization of virus (P=0.0091). By contrast, the upregulated molecular functions for AC were immunological disorder (P=0.006), splenomegaly (P=0.0053) and hepatic system disorder (P=0.006). Of note, the internalization of virus with viral infection (BCAR1, CSF2RA, LDLR) was clearly upregulated for both SCC (P=0.0091) and AC (P=0.0085). In Tables I and II , differenti ally up-or downregulated putative cervical cancer-network processes are summarized according to biological pathways. To detect the differences in the functional profiles between AC and SCC, we placed differentially expressed transcripts in the context of present interactome knowledge, using the Ingenuity Pathways Analysis tools (P-value for all <0.05). Biologic pathway analysis revealed the antigen presenting canonical pathway (P= 0.03) as a significant molecular pathway in AC. Network analysis, based on predetermined knowledge on individually modeled relationships between genes, identified seven highly significant, overlapping networks in the data set. The topscoring network, built around the antigen presenting pathway, displayed high-level functions in the apoptosis signaling, GM-CSF signaling, death receptor signaling and PI3k/AKT signaling pathways. By contrast, the pathway analysis revealed the G2/M DNA damage checkpoint regul ation pathway (P= 0.05) as a significant molecular pathway in SCC. Network analysis identified highly significant overlapping of the networks. The top-scoring network displayed high-level functions in the estrogen receptor signaling, Notch signaling, death receptor signaling and apoptosis signaling pathways. The relative expression of the transcripts SPEN, HLA-DRB3, CDKN1A, MDM2 and TAF5L showed a correlation of the expression levels revealed by the microarray. Correlation of canonical pathway and carcinogenesis-related genes. We searched the carcinogenesis-related transcript expression patterns for interaction of additional members of these putative pathways. Although none existed in the microarray, the expression patterns of additional carcinogenesis-related genes were observed in our model. As shown in Fig. 1D , the differential transcript expressions are shown for SCC and AC. The overexpressed transcripts in SCC were IR, p16, IGF1, IGF1R, PDGFRα and PDGFRβ. By contrast, the overexpressed transcripts in AC were PDGFRα, FGFR1, PPARγ and PDGFRβ. Differential expression of the transcripts could be related to the tumor classification. The ND1, ND5 and COX1 showed no differential expression patterns. The antigen presenting canonical pathway was revealed to be linked to PPARγ in AC. The overexpression of this gene was observed to be related to HLA-DRA overexpression in the pathway as shown in Fig. 2 . In addition, the overexpression of the PPARγ and HAL-DRA was significantly associated with NEUROG3 overexpression. This analysis included complete overexpression of the PPARγ gene in AC from stage Ib1a to IV. The G2/M DNA damage checkpoint regulation pathway was observed to be significantly linked to IGF1R in SCC. The Reflects the negative logarithm of the P-value that indicates the likelihood of the focus genes in a network being found together as a result of random chance (99% confidence level; scores ≥2 were considered significant).
b No. of genes significantly associated with the corresponding high-level function. Bold type indicates genes of the test set that were overexpressed in SCC. Genes that were underexpressed in SCC are indicated as italic. a-c, same as in Table I legend.
upregulation of this gene was noted to be related to YWHAE and TOP2A downregulation in the pathway (Fig. 3) . In addition, the upregulation of IGF1R was significantly associated with RB1 downregulation. This analysis included the upregulation of the IGF1R gene in SCC from stage Ib1 to IVb. Therefore, the molecular pathways of SCC and AC appear to be related to different carcinogenesis-related genes resulting from cell transformation.
Discussion
The specific details of the reference RNA, as a control, from several cell lines or tissues have previously been reported (8) .
The properties of a cell line derived reference RNA sample has failed to address the long-term needs and highly reproducible reference samples (9) . Immortal cell lines are obviously not normal. In this study, we show that a well maintained reproducible reference sample can be created from a pool of RNAs derived from normal cervixes. Comparison of two duplicate samples demonstrated the reproducibility of this experimental approach (correlation coefficient >0.95). Even though the overall signal patterns found on the AC and SCC hybridized arrays were similar, a small subset of regions showed differential expression signals in comparisons between the AC and SCC. Using hierarchical clustering, 46 transcripts separated the samples into two distinct groups on the basis of the expression patterns. Therefore, these genes can be characterized as new putative histology-specific cervical cancer genes. KRT17 is coexpressed with KRT16 only in pathological situations such as metaplasia and carcinoma of the uterine cervix as well as in psoriasis vulgaris (10) . It was noted that KRT17 showed increased gene expression only in SCC specimens. This is compatible with the previous finding that during progression of cervical intraepithelial neoplasia a clear increase in the expression of keratin 17 was observed (11) . The IGFBP2 transcript was significantly increased in high grade prostate intraepithelial neoplasia (PIN) and adenocarcinoma (12) . A significant overexpression of IGFBP2 was observed in patients with localized prostate adenocarcinoma; this suggests that overexpression of IGFBP2 is a powerful marker for malignant transformation in prostate epi thelium. IGFBP2 was only downregulated in SCC in this study. In the case of VIPR1, the normalized overexpression distribution for tissue type (http://genome-www5.stanford. edu/cgi-bin/source/sourceSearch) was 13.7% in the adrenal gland, and only expressed in AC in this study. VIPR1 has been characterized and localized in the neoplastic cells of most adenocarcinomas such as ovarian adenocarcinomas, colonic adenocarcinomas and pancreatic adenocarcinomas (13) . Future studies are needed to clarify the regulatory mechanisms of these 46 genes and their role in AC and SCC. Combined application of our network analysis of differentially regulated genes in AC and SCC revealed that most of the genes were assigned to tens of the cellular processes (P<0.05), revealed as key functions of a variety of cellular activities involved in cervical carcinogenesis. Genes (BCAR1, CSF2RA and LDLR) associated with internalization of virus functions (P=0.0091) were commonly overexpressed in both AC and SCC. We also observed significant upregulated functions associated with immunological (P=0.006), hepatic system (P=0.006) and splenomegaly (P=0.0053) disorders in AC. The genes coding for 32 out of 45 immunological disorder functions were upregulated; this finding suggests the importance of these gene products in the developmental pathway of cervical adenocarcinoma. In addition, the genes coding for 9 out of 12 splenomegaly immune diseases were upregulated. It has been reported that the hepatic changes, as well as marked splenomegaly, may represent an altered immunophenomenon of uterine cervical cancer (14) . Numerous genes coding for proteins involved in immunological disorders were notably upregulated in AC. In several types of carcinoma, a number of genes responsible for the immune response have been reported to be upregulated (15) . By contrast, the significant downregulated functions observed in SCC were apoptosis of neurons (P=0.009), cell death of pheochromocytoma cells (P=0.006) and damage to DNA (P=0.0057). The genes coding for 25 out of 35 apoptosis of neuron function were downregulated. In addition, the genes coding for 13 out of 15 damage to DNA function were downregulated; this suggests the importance of these gene products in the developmental pathway of squamous cell cervical carcinoma. Disruption of apoptosis and the cell cycle progression pathways has been implicated in abnormal cell growth and carcinogenesis (16) . We observed that genes involved in cell death were significantly downregulated in SCC compared to AC.
In this study our investigation focused on the main molecular pathway of SCC and AC, and its involvement in response to carcinogenesis and cell transformation. The functional profiling consequence of SCC and AC was the G2/M DNA damage checkpoint regulation pathway and antigen presenting pathway, respectively. The DNA damage-induced cell cycle checkpoint has broad implications for human disease, particularly cancer (17) . The G2/M cell cycle checkpoint is especially emerging as an attractive candidate for new cancer therapies (18) . The G2/M checkpoint prevents cells from attempting to undergo mitosis in an inappropriate state; due to defects in G1 checkpoint mechanisms, cancer cells depend on the G2/M checkpoint far more than normal cells and it suggested that therapeutic agents acting at this cell cycle phase may confer tumor selectivity. p53 can regulate the G2/M transition either through the induction of p21 and 14-3-3σ, a protein that normally sequesters cyclin B1-Cdc2 complexes in the cytoplasm or through the induction of apoptosis (19) . The human papilloma virus E6 protein (HPV-E6) appears to allow genetic or epigenetic events to occur that severely impair the G2 checkpoint by binding and inactivating of p53 that is required for G2 arrest. The different observations made with HPV-E6 and the truncated form of p53 suggests that other targets of HPV-E6 may contribute to the G2 checkpoint (20) . The expression patterns of the carcinogenesis-related genes were different in the comparisons between SCC and AC. The overexpressed transcripts in SCC, such as p16, IGF1 and PDGFRα were reported previously (21) . By contrast, the overexpressed transcripts in AC were PDGFRα, PPARγ and PDGFRβ (22) . The G2/M DNA damage checkpoint regulation pathway in SCC was observed to be significantly linked to IGF1R via YWHAE protein-protein interaction (23) . IGF-I and IGF-IR are known to play an important role in cell transformation induced by viral oncogenes, such as E6 and E7 (24) . It has been reported that YWHAE (14-3-3 proteins) interacts with IGFIR in vivo and that this interaction may play a role in a transformation pathway signaled by the IGFIR (25) . The 14-3-3 proteins are found in all eukaryotic cells and have been shown to bind to molecules involved in cell cycle control, apoptosis and oncogenesis (26) . Overexpression of 14-3-3 caused most cells to arrest in G2. However, binding of 14-3-3 to phosphoserine 1283, in IGFIR, may play a role in IGFIR mediated transformation. In this study, the analysis included upregulation of the IGF1R transcript in SCC stage. It has also been reported that 14-3-3 proteins do not bind to the insulin receptor (IR) and the IR does not cause transformation (27) . In addition, the upregulation of IGF1R was significantly associated with the downregulation of RB1. Rb family members are required to downregulate Cdc2 and Cyclin B1, which is necessary to maintain prolonged G2 arrest.
Malignant transformation is frequently associated with escape of tumor cells from immune recognition. The present study showed that the antigen presenting canonical pathway was observed to be linked to peroxisome proliferator-activated receptor gamma (PPARγ) in AC in response to cell transformation. The overexpression of PPARγ has been related to MHC class II (HLA-DRA, DPA1, DQA1 and DQB1 overexpression) in this pathway. It has been shown that expression of PPARγ protein was higher in an adenocarcinoma cell line (TE-7 cells) than in a squamous cell carcinoma cell line (TE-1 cells) (28) . PPARγ activation has been implicated in tumor promotion, cellular differentiation and apoptosis (29) . Many of the effects of PPARγ are mediated through the inhibition of proinflammatory transcription pathways such as NF-κB, AP-1, NFAT, C/EBP or Smad3, via protein-protein interaction and competition for cofactor recruitment (30) . The downregulation of IFNγ and IL-12 by PPARγ is known to prevent the development of inflammatory diseases (31) . In addition, the effects of PPARγ on dendritic cells can drive the local immune response by favoring the differentiation of TH2 cells, thus orienting the immune response toward a humoral response. In human T cells, PPARγ activators reduce the secretion of IFNγ, TNFα and IL-2 (32). These data suggest an important role of PPARγ in AC and the immune system with a potential profound impact on the immune response. It has been reported that metabolites that physically binds to PPARγ as a ligand leads to apoptosis of lung adenocarcinoma cells, and this may be beneficial for the therapy of such cancers (33) . Understanding the role of IGF1R and PPARγ in cervical carcinogenesis is important for designing diagnostic and therapeutic interventions as well as future research (34) .
In this study, microarray data and knowledge-based information analyses were used for tumor classification. Different expression profiles of genes and their specific molecular networks were involved in the progression associated with SCC and AC. In addition, we identified the utilization of the G2/M DNA damage checkpoint regulation pathway in SCC and the antigen presenting canonical pathway in AC. Therefore, good candidate genes identified from this study clearly displayed specific association with each aggressive biological subset of cervical cancer. Further studies can be carried out to identify tumor markers that may be useful for patient diagnosis and treatment of SCC and AC.
